Introduction
Mountainous areas are typical for their complex relief and great elevation changes. Solar energy income and evapotranspiration are hardly to measure in mountainous environment. Especially the practical possibilities of direct measurement of the energy income, as the most important parameter for calculating different elements of water balance equation, like evapotranspiration, snowmelt etc. on the slopes is very limited. Solar radiation is also responsible for heating of surface waters and is used as an important input variable in biooptical modeling of the aquatic environment (Onderka 2007) , and in plant growth modeling (Himmelbauer et al. 2008) .
For that reasons the SOLEI model was used which can calculate potential, as well as actual energy income to the slopes with different orientation and taking into account the shadowing of the surrounding topography. Based on calculated solar energy income to the slopes potential evapotranspiration for different vegetation cover (Bare rock, Grass, Natural grassland, Coniferous forest and Dwarf pine) was calculated with three different methods build in SOLEI model.
Material and methods
The SOLEI model calculates evapotranspiration in several steps in two main build in modules which are closely related: Potential and actual energy income module and Evapotranspiration module. Potential and actual energy income modeling to the slopes with different orientation and taking into account the shadowing of the surrounding topography was described in details in Mészároš & Miklánek (2006) . Results obtained from the energy module are used in evapotranspiration one as input parameters.
The input for the model is the matrix of square-grid elevation data (Digital Elevation Model) and optionally vegetation, cloudiness and other different input parameters in the same matrix shape. Recent version of SOLEI-32 model uses grid format of standard software packages IDRISI (16 and 32 bit versions) and/or SURFER.
Vegetation cover is represented in all mentioned methods by albedo maps derived from the land use grid map. Together with Digital elevation model (DEM) it is the main input value to the SOLEI model.
Calculation of potential evapotranspiration
Potential evapotranspiration is calculated for each grid plot based on energy income to individual grid plot (Miklánek 1993) . The estimation of the potential evapotranspiration can be calculated by one of the three build in methods. They are Simple regression model, Radiation model by FAO and Penman-Monteith model.
Simple regression model
The estimation of the potential evapotranspiration is based on simple regression relation to radiation. These relations were developed for Slovak territory for the whole year and for each month individually. Equations used in the model can be edited by the user or replaced by different ones more suitable for the area studied.
Many authors used the dependence of evaporation and evapotranspiration on the solar radiation in modeling of c 2009 Institute of Botany, Slovak Academy of Sciences evapotranspiration. Doorenbos & Pruitt (1977) In order to find regional relation of evapotranspiration to radiation in the mountainous area of northern Slovakia the regression analysis was used. The 25-years series of potential monthly evapotranspiration were calculated using Penman and Budyko-Zubenok method. The calculations were carried on for 1956-1980 in 9 stations of this region (elevations between 576 and 2635 m a.s.l ).
The general form of the regression equations is as follows:
where PET -potential evapotranspiration, cEbb -global radiation, a, b -regression coefficients.
As the regression relations were developed for the mean daily evapotranspiration data within individual months, the parameters of the radiation calculation in the SOLEI model must be set to whole days.
Radiation model by FAO is based on Radiation method by FAO (Doorenbos & Pruitt, 1977; Petrovič, 1980) . The former method was changed a little bit to be able to use input data in raster form. Calculation is based on the following equation:
where ET0 -reference crop (grass canopy) potential evapotranspiration in mm day −1 for the periods considered, Rssolar radiation in evaporation rate equivalent at the evaporated surface in mm day −1 , W -weighting factor, which depends on temperature and altitude, c -adjustment factor which depends on mean humidity and daytime wind conditions.
Solar radiation Rs in the equation (2) is calculated in the Energy income module of the SOLEI model.
Weighting coefficient is calculated from the equation (3)
where ∆ is the slope of saturation vapour pressure curve
where e0 -saturation vapour pressure at mean daily air temperature in [mb] , T is the mean daily air temperature [K] , P -mean annual vapour pressure in [mb] . Coefficient (c) is given by the relationship between the radiation term (W · Rs) and reference crop evapotranspiration (ET0). It depends greatly on general levels of mean relative air humidity and wind speed. Its values are from the range 0.64-1.39.
Penman-Monteith model
The estimation of the potential evapotranspiration is based on Penman-Monteith equation (Schulla & Jasper, 2000) .
where λ latent heat of vaporization λ = (2500.8 − 2.372T ) The result of the evapotranspiration module is the estimation of potential evapotranspiration in individual grid plots corresponding to the energy income to the Earth surface. This data is saved in matrix form and can be easily used for next graphic or numeric processing.
Case study results
The applicability and accuracy of developed SOLEI-32 model have been tested in a case study in the mountain Jalovecky creek basin, Western Tatra Mountains, Slovakia (49.10 N, 19 .40 E). The Jalovecky creek basin (Holko et al. 2003; Holko et al. 2006 ) is one of the experimental basins of the Institute of Hydrology SAS. Its area covers 22.2 km 2 and the elevations range from 800 to 2178 m a.s.l. This region is a typical high mountain area of central Europe (Fig. 1) . Calculation of potential evapotranspiration was done for the period from 1.1.1998 to 31.12.1998. Input digital elevation model was in 10 × 10 m grid resolution. The land cover map was used for the determination of different albedo values (Fig. 2) . The estimation of mean daily cloudiness of the basin was based on the algorithm, which uses the mean daily air temperature range (Kostka 2000) .
Comparison of measured and simulated daily sums of incoming solar radiation shows good agreement between simulated and measured values especially in winter months, which indicates, that topographic shading incorporated in the SOLEI model correctly simulates the solar income in the varying mountain terrain (Mészároš & Miklánek 2006) .
The calculated values of actual incoming solar radiation were used for modeling of potential evapotranspiration. Potential evapotranspiration was calculated for the same period from 1.1.1998 to 31.12.1998 as solar radiation with the above-mentioned three methods. Raster maps of the potential evapotranspiration are outputs from the modeling. Obtained monthly totals for whole Jalovecky creek basin of potential evapotranspiration are shown in the Tab. were calculated as mean value from all of the grid points of the raster map. In the Fig. 3 it is possible to see the curves of minimal, maximal and average potential evapotranspiration. From the shape of maximal values it is possible to see that Simple regression model produces from the January till April and from October till December lower values then other methods. On the other hand, during the summer months calculated values are higher. The shape of the average values is very similar in all of the methods. During the summer months Simple regression model gives higher values of potential evapotranspiration.
As it was already mentioned, outputs from the models are stored in the raster maps, which can be used for further GIS analysis. The main point of interest of this study is to analyse evapotranspiration patterns based on vegetation cover. In the next pictures (Fig. 4 and Fig 5) it is possible to see the monthly values for May 1998 and ten year mean annual values of calculated patterns of potential evapotranspiration. Evapotranspiration patterns obtained from the Simple regression and Radiation models are very similar compared to the shape of the calculated actual energy income to the basin. Calculation done by Penman-Monteith model demonstrates that not only shadowing effect of terrain, but also vegetation cover has significant influence to the calculated potential evapotranspiration. For example in the highest altitudes of basin, where bare rock is placed, potential evapotranspiration is 25 % less Table 2 .
In this contribution, we have presented an effective and efficient algorithm for the computation of the solar energy income and evapotranspiration in a topographically varying terrain. Based on raster maps of elevation, vegetation and cloud cover, the SOLEI model simulates the potential and actual solar energy income and potential evapotranspiration in the form of raster maps. The mean potential evapotranspiration for ten years period is shown in the Fig. 5 . Raster maps can be analyzed in the GIS application to obtain outputs which can be used in other hydrological models.
